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Few studies have examined the relation between passive smoking and dietary intake in a large population. 
This report examines the nutrition and behavioral characteristics of 3,896 nonsmoking women from the first 
National Health and Nutrition Examination Survey (NHANES I) population in relation to exposure to environ¬ 
mental tobacco smoke. The data indicate that nonsmoking women who were exposed to husbands who 
smoked were more likely to be older, have lower education, live in the city, and have other health behaviors 
that could increase their risk of lung cancer compared with nonsmoking women with husbands who did not 
smoke. The hOhexposed women were more likely to take vitamin supplements, to not drink alcohol, and to 
consume higher levels of dietary vitamin A, vitamin C, and calcium. The exposed and nonexposed women 
showed no difference in the levels of fatty acid intake nor in the levels of several other foods from the food 
frequency list after correction for age. Many of the differences that the authors observed between the women 
who were exposed and nonexposed to passive smoking could affect the risk of cancer. Therefore, they 
recommend that future studies of nonsmokers examine the influence of both passive smoking and diet on the 
risk of disease rather than examine the influence of a single factor. Am J Epidemiol 1995;142:149-57. 
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NufnerPus studies have indicated that diet may in¬ 
fluence the risk of lung cancer in smokers. In partic¬ 
ular. it has been observed that high intake of beta- 
carotene or vitamin A is inversely related to the risk of 
this cancer (i-19). Other studies have examined the 
dietary characteristics of smokers and have found that 
their diet tends to be high in fats and low in fruits and 
vegetables (20-26). These data suggest that differ¬ 
ences in diet might be related to the development of 
cancer. Not all studies have shown consistent results in 
regard to the effects of diet, especially when gender 
and level of smoking have been taken into consider¬ 
ation ( 2 , 3, 6, 8, 16, 17). However, the observational 
data have been judged to be strong enough to warrant 
the initiation of two recent clinical trials of vitamin use 
in reduction of cancer incidence (27, 28); however, the 
results of these trials have been conflicting. 

Exposure to environmentaJ tobacco smoke has been 
reported to be associated with a risk of lung cancer in 
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several studies and meta-analyses (29-37). The stud¬ 
ies of passive smoking risks have often focused on 
women who report exposure to spouses who smoke. In 
fact, exposure in marriage is the primary source of 
passive smoke for women (38). While it would appear 
obvious that households might have similar dietary 
patterns in both spouses regardless of the individual 
smoking history of the husband or wife, few early 
papers reported examining the diet of wives who were 
exposed to passive smoking (35). Some investigators 
have tried to test the hypothesis that diet might play a 
rote in the risk of lung cancer in nonsmokers but often 
without examining the possible exposure to passive 
smoking. TTie results of these studies have indicated 
that increases in beta-carotene intake and possibly 
other dietary factors in nonsmoking women may be 
associated with a decrease in the risk of lung cancer 
(39-41). These studies have a number of problems, 
including small numbers of subjects, lack of informa¬ 
tion on exposure to non-household sources of environ¬ 
mental tobacco smoke, and possible biases in the an¬ 
swers to dietary questions due to the presence of lung 
cancer in the cases. In addition, dietary data for cases 
often were collected from surrogates who had limited 
information about the eating habits of subjects (41). 
Among the studies that have examined the risk of lung 
cancer in association with passive smoking, two stud¬ 
ies (42. 43) have controlled for dietary factors; when 
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this was done, the authors reported that the risks 
associated with passive smoking remained. The recent 
multicenier study of the risk of lung cancer in non¬ 
smoking women in relation to environmental tobacco 
smoke (44) showed no confounding from diet and thus 
the investigators did not control for this variable in 
reporting an association between passive smoking and 
lung cancer. However, two other recent studies (45, 
46), which each included over 400 cases of nonsmok- 
ers. reported associations of lung cancer with diet but 
no influence of passive smoking on the risk estimates. 
Thus, the observed relations between diet, passive 
smoking, and lung cancer have not been consistent in 
all studies- 

Because studies have indicated that dietary charac¬ 
teristics are associated with the smoking habits of 
subjects, some recent reports have investigated the 
relation between diets of nonsmokers and the smoking 
characteristics of household members (47, 48). These 
studies have suggested that nonsmoking individuals 
who were exposed to smokers may have different 
dietary patterns than persons w'ho were not exposed to 
smokers. These studies usually were conducted in 
populations where there were small numbers of 
women exposed to tobacco smoke. 

The current study of diets of nonsmoking women 
utilizes the large population that was included in the 
first National Health and Nutrition Examination Sur¬ 
vey (NHANES I), which represented a sample of all 
noninstitutionalized individuals in the United States. 
This sample included persons from many socioeco¬ 
nomic. ethnic, and geographic groups vvhth a variety of 
food habits and preferences from all parts of the 
United States. Individuals in this survey were gener¬ 
ally healthy, and they answered questions about their 
diet with minimal bias related to disease. This should 
be an important population in which to investigate the 
question of what factors influence diet in nonsmoking 
women. It is a population that in the past has been 
widely used to examine nutritional questions. 

MATERIALS AND METHODS 

NHANES I. conducted between 1971 and 1975, 
surveyed noninstitutionalized individuals aged 1-74 
years throughout the United States. The participants 
are representative of the US population, although there 
was a deliberate oversampling of children, elderly, 
women of childbearing age, and the poor in order to 
improve estimates of nutrition in groups who might be 
malnourished. A detailed 24-hour dietary question¬ 
naire and a food frequency questionnaire that focused 
on the prior 3 months of food consumption was used 
in face-to-face inierv’iews of the population, A total of 
14,407 persons aged 25-74 years at the time of the 


first inierv'iew were included in the NRANES 1 Epi¬ 
demiologic Follow-up Study in 1982-1984. The orig¬ 
inal survey asked about smoking information on only 
a small proportion of the participants. However, at the 
time of the follow-up interview 10 years later, infor¬ 
mation on smoking was obtained directly from the 
individual or from a surrogate in the event of a par¬ 
ticipant's death. At follow-up. all individuals were 
asked about marital status and whether they had ever 
been married to a spouse who smoked. The question 
did not specify the current vital status of that spouse or 
the amount he/she smoked. Thus, the question on 
spousal smoking encompasses the lifetime of the 
woman and no attempt was made to relate dietary data 
from NHANES I to active or passive smoking history. 
The study population for this report includes only the 
6,890 females who reported that they had ever been 
married (table 1). From this group, those women who 
answered that they had never smoked 100 cigarettes or 
more in a lifetime were defined as nonsmokers (57 
percent). 

The data are derived from the public use tapes 
available from the National Center for Health Statis¬ 
tics. These tapes provide distributions of answers to 
specific questions on the food frequency questionnaire 
as well as summarized data on nutrients that are de¬ 
rived from the 24-hour diet recall survey. The National 
Center for Health Statistics derived the nutrient con¬ 
tent of the diet using an adapted computer program 
that wa.s developed at Tulane University and used in 
the Ten-Staie Nutrition Survey. The nutrient value of 
each food consumed as listed on the 24-hour recall diet 
was classified according to its values as reported in the 
US Department of Agriculture Handbook No, 8 (49) 
and from other sources. The datatape provides the 
summed values from the 24'hour food intake. The 
items include several vitamins, fats, carbohydrates, 
and some minerals. Retinoids and carotenoids were 
not reponed. In addition, the food frequency questions 
were used in this smdy to identify selected food items 
that might represent healthy dietary behaviors. 

NHANES I collected information on the use of 
supplemental vitamins in 1971-1974 using categones 

TABLE 1. Ever married women by personal and husband's 
smoking historY: first National Health and Nutrition 
Examination Survey (NHANES I). 1971-1975, and NHANES I 
Epidemiologic Follow-up Study, 1988-1964_ 


W'lte'S 

siripKing 

history 

srTiokinQ history 

TotaJ 

SrrokBf 

Monsmokef 

Unknown 

Smoker 

2,477 

430 

21 

2.978 

Nonsmoker 

2.424 

1,393 

79 

3.B96 

Unknown 

2 

2 

12 

16 

TotaJ 

4.903 

1.875 

^^2 

6.690 
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of never. Irregular, and regular (daily) use. Because 
many of the users took multivitamins, the current 
analysis did not try to account for variation in the 
intake of specific vitamins from these pills nor to 
include use of specific vitamins. The information on 
quantity and duration of vitamin taking wa.s not part of 
the survey questionnaire. Thus, a cumulated dose 
could not be calculated. 

The analyses examined the association between ex¬ 
posure to spousal smoking and diet and other charac¬ 
teristics in nonsmoking women using odds ratios cal* 
culated from maximum likelihood regression models. 
The odds ratios express the likelihood of the occur¬ 
rence of the variable in women with spouses who 
smoked compared with that in women with spouses 
who did not smoke. The odds ratios were calculated 
first for the variable alone and then adjusted for age, 
and age and education, in separate models. Race was 
included in models with three confounding variables, 
but race did not add significantly to any model that 
included education. Variables were stratified into con¬ 
venient approximately equal groups for analysis. 

RESULTS 

A total of 3.896 or 56.5 percent of the 6.890 married 
women indicated that they had never smoked 100 or 
more cigarettes in a lifetime, which classified them as 
nonsmokers. Exposure to spousal smoking was deter¬ 
mined by the question. “Have you ever been married 


to someone who smoked cigarettes?" Smoking data 
were not verified in NHANES t or NHANES i Epi¬ 
demiologic Follow-up Study with either biochemical 
markers or repeat questions for consistency, The data 
also do not provide anv information on amount of 
smoking by the spouse and whether the exposure is 
current. Table 1 shows that 83.2 percent of smoking 
women and only 62.2 percent of nonsmoking women 
had spouses who smoked. In addition, the data indicate 
that 50.5 percent of wives of husbands who smoked 
and only 25.6 percent of wives of husbands who did 
not smoke are smokers. Thus, if there exists a mis- 
classification of the nonsmoking status of the wives in 
this sample, it is likely that it occurred in the women 
with husbands who smoked, because these wives were 
twice as likely to be smokers than women who were 
married to men who did not smoke. In this study, as in 
other studies of exposure to environmental tobacco 
smoke, some of the differences in characteristics of 
nonsmokers attributed to the household exposure to 
smoke may actually be due to misclassification of 
women as nonsmokers in the smoking-exposed group. 

Only the 3.S96 nonsmoking women have been in¬ 
cluded in further analyses of factors associated with 
passive smoking. Table 2 indicates that age. race, 
socioeconomic factors, and residence are significantly 
associated with the likelihood of women being ex¬ 
posed to spouses who smoked. Women over 40 years 
of age are 1.3 to 1.4 times more likely to have been 


TABLE 2. Demographic characteristics o< nonsmoking wives by husband's smoking history: first 
National Health and Nutrition Examination Survey (NHANES i), 1971-1975, and NHANES I Epidemiologic 
Eollow-up Study, 1982-19S4 


Character^sttc 

Husband's smoking history 

Odds 

95% 

contidence 

interval 

Smoker 

NonsmOker 

raliO" 

Age (years! at interview 

<40 

707 

489 

1.001 


40-59 

777 

391 

1.39 

1,17-1,64 

>60 

940 

513 

1.29 

1.1CH1.51 

Race 

Nonwhite 

399 

190 

1.001 


While 

2,025 

1,203 

0.79 

0.65-0,95 

Education (years) 

<12 

1.120 

515 

1.001 


12 

909 

499 

0.84 

0.72-0.97 

>12 

382 

366 

0.48 

0.40-0.57 

Residence 

Rural 

1.091 

652 

1.001 


Urban 

892 

466 

1.17 

1.01-1.36 

Other 

43S 

285 

0,91 

0.76-1 09 

Residence, adjusted for age and education 

RuraJ 

Urban 



1.001 

1.24 

1.07-1.44 


’■ OdOs ratio = ntids q( anoosure to factor with smoking spouse 
odds of exposure lo factor with nonsmoKing spouse 


f Referent group. 
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exposed to spousal smoking than are younger women. 
White women have a significantly lower probability of 
having a spouse who smoked than other racial groups 
in this population. This report uses education as a 
marker of socioeconomic status, because information 
on income was incomplete and because income would 
be a poor measure of social standing in women at older 
ages. An increasing level of education is as.sociated 
with a decreased probability that women had been 
exposed to spousal smoking. For women with educa¬ 
tion beyond high school, the probability of exposure is 
only 48 percent of the likelihood for women who 
never graduated from high school. Women who lived 
in the city had a greater probability of exposure to 
passive smoke. This difference is not due to poverty in 
urban settings, because the odds ratio is actually in¬ 
creased from 1.17 (95 percent confidence interval (Cl) 
1,01-1,36) to 1.24 (95 percent Cl 1.07-1.44) when 
both age and education are included in the model. 

Low intake of fruit and vegetables and high intake 
of fats are considered to be related to an increased 
incidence of several cancers and heart disease. How¬ 
ever. these diseases often are associated with poverty 
as well. To see whether any dietary factors are asso¬ 
ciated with smoking c.xposure. the data are presented 
with and without a correction for education as a mea¬ 
sure of poverty. Because low education may be closely 
correlated with variables indicative of an unhealthy 
life-style, it might be considered inappropriate to cor¬ 
rect dietary factors for education. That is. poverty 
itself is not the cause of disease, but poverty may lead 
to changes in life-style, such as poor diet, which is a 
more direct factor in the causative chain of disease. 
.Adjusting the odds ratios for education would result in 
a dilution of the apparent effect of more direct causes 
of disease such as diet. Therefore, all data are pre¬ 
sented using a model correcting only for age and then 
a model corrected for both age and education. 

Several specific items were examined from the food 
frequency questionnaire on the presumption that the 
items would represent foods reponedly related to the 
risk of chronic diseases and those for which individ¬ 
uals could initiate preventive behavior such as lower¬ 
ing fat intake. The foods included one each from the 
vegetable and bread categories, one from dairy, and 
the others from meats. The items were total consump¬ 
tion of fried meats, lean ground meat, poultry with 
skin, whole grain bread, raw vegetables, and alcohol. 
Each food frequency item in the survey was not ex¬ 
amined. because of the potential bias of utilizing mul¬ 
tiple variables. 

In the following tables showing the dietary items 
from the questionnaire, the data are from about 2.100 
women with husbands who smoked and 1.200 women 


with husbands who did not smoke. Table 3 represents 
the distribution of dietary items for five of the si,\ 
questions selected for analysis. Table 4 e.xamines the 
association between eating low levels of raw vegeta¬ 
bles and whole grain bread and eating high levels of 
fried foods and beef with high fat content and the 
likelihood of having exposure to passive smoking at 
home. While all of these less healthy eating practices 
of nonsmoking women are associated with living in a 
household with a husband who smoked, none of the 
odds ratios reaches significance when corrected for 
age and education except for consumption of beef. 
However. as shown in table 4. women who lived with 
spouses who smoked are significantly more likely to 
drink (odds ratio (OR) = 1.15. 95 percent Cl l.UO- 
1.33). When they drank, the women who lived with a 
husband who smoked also drank more heavily than 
women who did not live with a husband who smoked. 
The risk of being exposed to passive smoking in¬ 
creases with increasing amounts of alcohol consumed. 
Women with husbands who smoked are more likely to 
answer that thev eat the skin on the poultry (as a sign 
of increased fat intake) than do women whose hus¬ 
bands did not smoke (OR = 1.19. 95 percent Cl 
1.03-1.37). Nonsmoking women who took supple¬ 
mentary vitamins are less likely to have lived with a 
husband who smoked compared with women who did 
not take vitamins. .All of these variables seem to show 
that nonsmoking women who never lived with a 
spouse who smoked have healthier dietary behaviors 
than women who have had a smoking spouse. 

Table 5 examines the associations between nutrient 
levels from the 24-hour diet history and the presence 


TABLE 3. Distribution of food frequency in subjects by 
spousai 9 mokin 9 status: first National Heaitti and Nutrition 
Examination Survey (NHANES I), 1971-1975» and NHANES I 
Epidemiologic Follow>up Study, 1962-19^4 


Husdand's smoking status 
Smoking Nonsmoking 


Paw vegetables 


Lass man once daily 

1.482 

814 

1 or more times daily 

642 

400 

Fned foods 

Less than once weekly 

1.162 

686 

1 or more times weekly 

378 

533 

Type of beat 

Extra lean or none 

363 

364 

Regular or lean 

1,520 

816 

Whole grain breads 

Less than onoe daily 

1.434 

816 

1 or more tirrves dally 

720 

409 

Eating skin on poultry 

No 

1.068 

651 

Yes 

1.051 

553 


• For each food item, different numbers of subjects provided 
answers. 
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TABLE 4. Heatth bahavror of nonsmoking womsn in roiation to spousal smoking: (ifsl National Health 
and Nutrition Examination Survey (NHANES I), 1971-1975, and NHANES I Epidemiologic Follow-up 
Study, 1982-1984 


Charactensuc/fooC 

Adjusted lor age only 

Adjusted for age 
and education 

Odds 

rBTiO" 

95% 

confidence 

mtervaf 

Odds 

ratio* 

95% 

conlidence 

interval 

Raw vegetables 





Less than once daily 

1-oor 


l.OOt 


1 or more times daily 

0.07 

0.75-1,02 

0.92 

0.79-1.07 

Fried foods 





Less than once weekly 

root 


l.OOt 


1 or more times weefcly 

1-10 

0.95-1.26 

1.05 

o 

ro 

Type of beef 





Extra lean or none 

l.OOt 


1 oot 


Regular or lean 

1 20 

1.03-1.41 

1.19 

1.01-1.39 

Whole grain breads 





Less than once daily 

root 


l.OOt 


1 Of more times daily 

0,96 

0.83-1.12 

1.01 

0.86-1.17 

Drinking 





No 

l.OOt 


l.OOt 


Yes 

1.05 

0.91-1.21 

1,15 

1.00-1.33 

No. of drinks per day 





<2 

l.OOt 


I.OQt 


2-3 

1.43 

1.12-1.82 

1,36 

1 06-1.73 

^4 

1 78 

1.03-3.06 

1-54 

0.39-2.68 

Eating poultry skin 





No 

LOOT 


root 


Yes 

1,19 

1 03-137 

1.14 

0,99-1.33 

Taking vitamin supplements 





Irregular or not 

1 oot 


l.OOt 


Regular 

0.82 

0.71-0.9S 

0,86 

0.74-1.00 


• Odds ratio = odds of exposure to factor with smoking Spouse . 

odds of exposure to factor with nonsmoking spouse 
An odds ratio greater than 1.0 means an increased proportion of spousal smoking, 
t Referent group. 


of a husband who smoked. A total of 2,007 women 
with husbands who smoked and l.lOO women with 
husbands who did not smoke answered these ques¬ 
tions, For almost all items, women with greater nutri¬ 
ent intake are less likely to have had spouses who 
smoked. Only fatty acid intake shows no association 
between this nutrient and the probability of having a 
husband who smoked. For total calories and thiamine, 
although the odds ratios are below 1.00, increased 
dietary intake of either nutrient is not significantly 
associated w ith the probability of being e.xposed to a 
husband who did not smoke. The highest dietary in¬ 
take of carbohydrates and riboflavin are associated 
with significantly low odds ratios of being exposed to 
a husband who smoked—0.77 (95 percent Cl 0.61- 
0.97) and 0.70 (95 percent Cl 0,52-0.94), respec¬ 
tively. after correction for age. The odds ratios are 
increased slightly and lose significance when cor¬ 
rected for both age and education. However, for three 
of the nutrients, calcium, vitamin A. and vitamin C, 
correction for age alone or correction for both age and 
education does not alter the significantly low proba- 
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bility that nonsmoking women with high intake of 
these nutrients are exposed to household tobacco 
smoke. At the highest category of intake, the odds 
ratios are significantly low. The fact that both vitamins 
A and C demonstrate an effect would suggest that 
intake of dietary fruits and vegetables is increased in 
women with husbands who did not smoke. The like¬ 
lihood of a nonsmoking woman s exposure to a hus¬ 
band who smoked, as indicated by the odds ratio, 
decreases with increasing intake of calcium, carbohy¬ 
drates, riboflavin, vitamin A, and vitamin C. However, 
after correction for both age and education, only vita¬ 
min C and possibly carbohydrates show a significant 
decrease in the probability of having a husband who 
smoked with an increase in exposure to the dietary 
variable. 

The data in table 6 indicate that the weights of 
nonsmoking women are not influenced by the smoking 
status of their spouses, so that dietary differences are 
not simply due to variation in weight with passive 
smoking. However, their blood pressures show some 
suggestive differences. Both the systolic and diastolic 
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TABLE 5. Dietary nutrient Intake of nonsmoking women from 24-frour recall data in relation to spousal 
smoking: firet National Heattti and Nutrition Examination Survey (NHANES I), 1971—1975, and NMANES I 


Epidemtologlc Follow-up Study, 1982-1994 


Nuinent 

Adiusteo (or age only 

Adjusted Ipr age 
ana aducaoon 

Odds 

ratio* 

95% 

cor^iigence 

interval 

Oaos 

ratio* 

95% 

confidence 

interval 

Calories laaiiyj 





S1.000 

1 OOT 


i.oot 


1,001-1.500 

0.91 

0.75-0.11 

0.96 

C.79-M7 

1.501-2.000 

0.81 

0.65-1.DO 

0.S5 

0.66-1.06 

>2.000 

0.79 

0.61-1.01 

0.85 

0.65-1.10 

p value ix^) 

0.13 


0.30 


p value (trend lest) 

0-16 


0-40 


CaiticlTyOrates (mgnvdayl 





stoo 

root 


I.oot 


101-150 

1.1G 

0.87-1.39 

1 13 

0.90-1,43 

1 SI-200 

0.36 

0 65-1.08 

0.91 

0 72-1 15 

>200 

0.77 

0 61-0.97 

0.82 

0 65-1 03 

p value (j>) 

0.004 


0.02 


p value (trend test; 

0 . 


0 06 


Fatty acifls (mgrrVday) 





510 

I-OOT 


1 OOT 


11-20 

0.96 

0.79-1.10 

0.99 

0.31-1.21 

21-30 

0.99 

0.79-1.24 

1.03 

0.32-1.29 

>30 

0.95 

0 74-1.22 

0.99 

0.77-1 28 

p value (i^) 

0.96 


0.96 


p value (trend teit) 

1.00 


0.938 


Calcium (rngm/day) 





5300 

i.oot 


1 oot 


301-600 

0,97 

0 78-1 20 

'.CO 

092-1 21 

601-900 

0,85 

069-1 06 

0.91 

0.73-1 13 

>900 

0.74 

0.59-0.92 

0.80 

0.63-1.00 

p vaius (ji) 

0.03 


0.16 


p valus (trard last) 

0.05 


0 23 


TTnamine (mgnVdav) 





50.50 

1 oot 


I.oot 


0.51-1.00 

0.97 

0.80-1.17 

1.02 

0.34-1.24 

t.Oi-1.50 

0.S5 

0.67-1.00 

0.93 

0 73-1.18 

>VS0 

0-01 

0.59-1.12 

0.86 

0.62-1 ia 

p value (X*) 

0.26 


0.S4 


p valua (irend tesl) 

0.32 


0.71 


Riboflavin (mgnVday) 





sO.75 

toot 


I.oot 


0.7B-VSO 

08^ 

0 68-0 98 

0.8S 

OJO-t 02 

1.51-2.25 

Q.77 

0.62-0.97 

0.82 

0.65-1.03 

>2.25 

0.70 

0.52-0 94 

0.76 

0.57-1.02 

p valua (X’! 

0.04 


0.10 


p value (trend tesi) 

006 


0.25 


Vitamin A (lU/day) 





:51 SOO 

loot 


I 00 


1,501-3.000 

0.91 

Q.74-1.12 

0.95 

0.77-1.10 

3,001-4.500 

0.91 

0.72-1.27 

0.98 

0.80-1.30 

>*.500 

0.74 

0.61-0.91 

0.79 

0.64-0.97 

p value (x*) 

0.02 


0.10 


p value (ireofl lest) 

O.Oi 


0.19 


Vitamin C (mgm/dayl 





520 

root 


root 


21-50 

004 

0.67-1.06 

0.08 

0.69-1.11 

Si-80 

0 87 

0.64-1.05 

0.37 

0,60-1 12 

>80 

0.04 

0.52-0.78 

0.70 

0.57-0.86 

p value (xa) 

0.0001 


Q.01 


p valua itrand last) 

0-0002 


0 01 



• Odds labd > odds ol axpagure to la clor witti rmotana soousa 
Odds ot axposura to (actor witTt nonsmoking spouse 
An oods ratio greater than 1 q means an increased proportion ot spousal smoking, 
t Reterent group. 


blood pressures of women are higher when they live in 
a home with environmental tobacco smoke. However, 
the odds ratio.s are not significant at any level for 
systolic blood pressure after correction for both age 
and education. Only a single odds ratio for diastolic 
blood pressure remains significant after correction for 


both age and education. However, because none of the 
data suggest a systematic increase In the probability of 
.spousal smoking exposure with increasing blood pres¬ 
sure, there may be no relation between blood pressure 
and smoking exposure tn the home. Blood pressure 
was selected to represent a condition that might not be 
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TABLE 6. Blood prouure and weight in nonemoking women in relation to spousal smoking: first 
National Health and Nutrition Examination Survey (NHANES I), 1971-1975, and NHANES I Epidemiologic 
Follow-up Study, 1982-1984 


Characteristic 

Adjusted tor age only 

Aoji^sted tor age 
and education 

Odds 

ratio* 

95% 

coniidence 

interval 

Odds 

ratio' 

95% 

Confidence 

iniervai 

Systolic (mmHg) 





<120 

coot 


l.oot 


121-140 

1,2S 

1.04-1.49 

1.19 

0.99-1.42 

141-t60 

1.30 

1.04-1.63 

1.22 

0.97-1.S3 

>160 

1.19 

0.94-1.49 

1.10 

0.33-1.45 

Diastolic (mmHg) 





£70 

root 


l.oot 


71-80 

1.27 

1.07-1.51 

1.24 

1.04-1.47 

8T-90 

1.19 

0.97-1.47 

1-18 

0,96-1.45 

>90 

1.46 

1 28-1.66 

1.37 

0.98-1.92 

Weight (Ibs)T 





<125 

l.oot 


l.oot 


125-149 

0.99 

0.80-1.22 

0.96 

0.78-1.19 

150-174 

1.07 

0-86-1-33 

1.00 

0.SO-1.25 

>174 

1.25 

0.99-1.38 

1.13 

0.89-1.43 


• Odds rabo = odds of exposure to factor with smoking soQUse 
odds of exposure to factor with nonsmoking spouse 
An odds ratio greater than 1.0 means an increased proportion ot spousal smoking. 
T Referent group, 
t 1 lb 3 0.45 kg. 


treated adequatelv in women with poor preventive 
care. However, this marker may not provide a good 
indicator of a lack of medical care for a treatable 
condition, because, at certain blood pressure levels, all 
women, both those with and without health-seeking 
behaviors, may all receive treatment. This would mean 
that at higher levels of blood pressure almost all indi¬ 
viduals might have blood pressure-lowering medicine 
and thus might have changed the apparent relation 
between the nonsmoking women's blood pressure and 
the presence or absence of spousal smoking. 

DISCUSSION 

The NHANES I and NHANES I Epidemiologic 
Follow-up Study databases provide an opponunity to 
examine the characteristics of nonsmoking women 
who lived in households with husbands who smoked 
and without husbands who smoked. The respondents’ 
answers in these surveys should not be biased by the 
presence of disease as they might be in the traditional 
case-control study. Smoking questions asked in 1982- 
1984 might have been perceived as less threatening 
and produced less pressure on the women to provide 
socially acceptable answers than they would today. A 
problem with the study is that the dietary data were 
collected about 10 years before the smoking data and 
no attempt was made to relate the nutrient information 
to the smoking results in the surveys. Another serious 
problem with the study is that the smoking information 

Am J EpicJemiof Vol. 142, No. 2, 1995 


from the respondents was not confirmed and therefore 
some of the '‘nonsmokers” may actually have been 
smokers. In this case, the misclassification may not be 
random. The error is more likely to occur for the wife 
married to a smoker than for a wife married to a 
nonsmoker. That is, the woman's nonsmoking status is 
more likely to be incorrect if she is married to a 
husband who smoked than if she is married to a 
husband who did not smoke. However, this type of 
error is common to most studies of passive smoking. 

There is no information on other sources of tobacco 
smoke exposure in the home or at work, on the amount 
of smoking by the spouse, or on when in the woman's 
lifetime the exposure took place. We might note, how¬ 
ever, that the question used to identify exposure in the 
home is similar to the questions used in many previous 
studies of passive smoking. In recent studies, investi¬ 
gators have attempted to validate smoking exposures 
with biochemical measures. They have also collected 
further data on the level of cigarette consumption in 
order to examine dose-response relations. Neither of 
these analyses was possible with these data. 

Despite the lack of confirmation of the tobacco 
smoke exposure of the population, the NHANES I 
data have the major advantage of being from a very 
large study of nutrition in the total US population. The 
results of the analysis suggest that the characteristics 
of nonsmoking women who lived with spouses who 
smoked differed in many variables that could increase 
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their risk of chronic diseases, especially lung cancer. 
The nonsmoking women were likely to be less well 
educated, live in the city, engage less frequently in 
health-seeking behaviors, and consume lower levels of 
dietary nutrients that have been shown to have bene¬ 
ficial effects on disease risks, such as vitamin A and 
vitamin C. The demographic differences by exposure 
might have been expected. These characteristics are 
associated with smoking, and therefore the wife's de¬ 
mographic characteristics, by age, race, urban living, 
and poverty, would be expected to be similar to those 
of her husband who smoked. However, many of the 
effects, such as the differences in vitamin A and vita¬ 
min C intake, have remained significantly different in 
the women who were exposed to environmental to¬ 
bacco smoke even after adjusting for age and educa¬ 
tion. Even for other variables, such as calcium intake, 
use of vitamin supplements, and abstinence from 
drinking, the differences remain at borderline signifi¬ 
cance after adjusting for both variables. Because diet 
may be a proximal factor in the causal chain of disease 
etiology that is related to low socioeconomic condi¬ 
tions, the persistence of these dietary effects after 
correction for education is noteworthy. In general, it is 
probably appropriate to correct only for age in order to 
avoid any overadjustment. Some of the relations be¬ 
tween the variables may not be simple. Thus, exposure 
to household tobacco smoke may not represent just a 
single exposure but a complex of factors, many of 
which, such as low vitamin intake and high alcohol 
intake, have been shown to influence the risk of can¬ 
cer. 

Other studies have looked at the dietary intake of 
nonsmoking individuals in relation to the subjects’ 
exposure to passive smoking, and similar dietary dif¬ 
ferences have been observed, particularly for beta- 
carotene and the history of exposure to tobacco smoke 
(47, 48). Sidney et al. (47) found a significantly lower 
beta-carotene intake in both men and women non- 
smokers who were exposed to passive smoke (p = 
0.0001), This difference was independent of demo¬ 
graphic characteristics. The authors noted that a rela¬ 
tive risk of 2 for the association of lung cancer and 
passive smoking would be reduced to 1.8 if adjusted 
for dietary carotene intake, and they stated that failure 
to take diet into account “may inflate estimates of the 
risk of passive smoking. . . by amounts that are mod¬ 
est, yet noteworthy” (47, pp. 1307-8). Le Marchand ei 
al. (48) examined female nonsmokers and classified 
them by their exposure to passive smoking according 
to urinary cotinine levels. These investigators found an 
association with dietary vitamin A as well as with 
carotenoids and retinol. The intake was inversely re¬ 
lated to the level of cotinine, and the trend was sig¬ 


nificant and unaffected by demographic characteris¬ 
tics. The data from NRANES 1 did not allow us to 
look specifically at carotenoids as a nutrient, but much 
of the vitamin A intake probably represents carotenoid 
intake. 

Numerous studies have investigated the influence of 
diet on lung cancer in smokers (1-19), Diets that 
comprise low vegetable and low beta-carotene intake 
consistently have been shown to be associated with the 
risk of lung cancer. Sometimes a high fat intake also 
has been associated with a similar risk. However, few 
studies have attempted to evaluate diet m persons 
exposed to environmental smoke to determine whether 
diet plays a role in the development of cancer in these 
individuals as well. Because nonsmoking women are 
usually exposed to tobaCco smoke in the home, the 
dietary and other characteristics of the wife should be 
similar to their husband who smokes. Several studies 
have included only women with lung cancer and have 
shown that there is a protective effect of beta-carotene 
and vegetables in the diet and beta-carotene in serum 
and lung cancer in women who did not smoke or who 
infrequentiy smoked (39-41). The risk of lung cancer 
from low intake of beta-carotene in recent studies in 
nonsmokers is as high as 2.5 to 5.0 (17, 39-41). This 
suggests that the risk from dietary factors is as high or 
higher as the reported relative risks for passive smok¬ 
ing from meta-analyses of combined studies, which 
have ranged from 1.3, 1.8, to 2.0 in recent papers (35, 
36, 44). Yet, to our knowledge, few authors of studies 
of passive smoking have examined the influence of 
dietary factors (42-44) and few authors of Studies of 
diet and lung cancer have addressed passive smoking 
in nonsmokers (45. 46).-The results of five such stud¬ 
ies (42-46) do not agree with those of two studies that 
have shown no effect of diet on the association be¬ 
tween passive smoking and lung cancer (42. 44), two 
studies that have found no effect of passive smoking 
on the association between diet and lung cancer (45, 
46), and one study that found independent effects of 
the two exposures (43). Further studies should inves¬ 
tigate the role of both diet and passive smoking to 
determine the contribution of each in the development 
of lung cancer. 
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